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1.0 EXECUTI VE SUMVARY

Publ i ¢ Law 102- 154 provides funds to the Departnent of Energy
(DCE) to conduct cost-shared dean Coal Technol ogy (CCT) projects
for the design, construction and operation of facilities that:
"...shall advance significantly the efficiency and environnent al
performance of coal -using technol ogi es and be applicable to
either new or existing facilities..." This Act, together with
Public Law 101-512, made available a total of $600 nillion for a
fifth general request for proposals under the A ean Coal

Technol ogy Program (CCT V). To that end, a Program Qpportunity
Notice (PON) was issued by DCE in July 1992.

In response to the PON, 24 proposal s were recei ved by DCE on
Decenber 7, 1992. After evaluation, five projects were sel ected
for award. These projects use technol ogies that significantly
advance efficiency and environmental perfornance and are
applicable to either new or existing facilities.

One of the five projects selected for funding is a project to be
headed by the CPl CCR ™ Managenent Conpany, a limted liability
conpany (L.L.C ) conposed of subsidiaries of Centerior Energy
Corporation, Air Products and Chemcals, Inc., and the CGeneva
Steel Conmpany. The CPICOR ™ Managenent Conpany, which will be
referred to as the Participant, has requested financi al

assi stance from DCE for the design, construction and operation of
a process that will integrate the production of liquid iron for
steel making with the production of electricity for utility
distribution. The project, named the A ean Power from I ntegrated
Coal /O e Reduction (CPICOR ™ Project, is to be located at Geneva
Steel's plant in Vineyard, Wah (Figure 1). As originally
proposed, the project was to be located in O evel and, Chi o,

within the LTV Steel devel and Wrks. However, the LTV Steel
Conpany later withdrew fromthe project due to economc and ot her
reasons, and the Geneva Steel Conpany agreed to replace LTV as a
proj ect teamnenber and to host the CPICCR ™ Project in Vineyard,
Wah. The project, including the denonstration phase, wll |ast
76 months at a total cost of $1, 065,805, 000. DCE s share of the
project cost will be 14 percent, or $149, 469, 242.

The pr@s)posed project will denonstrate the integration of the
CCREX ™ i ron-nmaki ng technol ogy with conbi ned cycl e power
generation to produce 3300 tons per %y (tpd) of hot netal and
195 Mé of electricity. The COREX t echnol ogy, consisting of a
nmel ter-pyrol yzer connected to a reduction shaft, is a process of
iron ore reduction in which the reducing gas cones directly from
coal pyrolysis; hence, unlike blast furnaces, there is no need
for coke ovens. The process has inherent environmnental
advant@ﬁ';\ges over conventional blast furnace technol ogy. Wen the
OOREX™ offgas is used to fuel a conbi ned cycl e power plant, the
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Figure 1. CPICOR Project Location

result is a process that is cleaner and nore efficient than
conventional technol ogy.

The conbi ned cycl e power generation section of the CPl CCR ™ pl ant
i ncludes a 149 MA¢ conbustion turbine, a heat recovery steam
generator and a 122 MM steamturbine. Energy consunpti on,
including 36 M required by an air separation unit (ASU, 31 M
for export gas conpression and COREX © process requirenents, and 9
MAe for conbi ned cycl e power generation auxiliary equi pnent,

reduce the net power output to about 195 M. The CPI COR ™ M ant
will inclqge a wet scrubber systemto renove particulates from

the COREX ~ unit's product gas. This conbi ned cycl e systemal so

has significant environnental benefits over conventional coal -

based power generation technol ogi es.

The potential market for CPIOCOR ™ technol ogy includes the
approxi mately 60 blast furnaces currently operating in the U S
Repl aci ng these bl ast furnaces with cleaner, nore efficient

t echnol ogy woul d enhance the conpetitiveness of the donestic
steel industry.



2.0 | NTRODUCTI ON AND BACKGROUND
2.1 REQU REMENT FCR A REPCRT TO OONGRESS

The purpose of this Conprehensive Report is to conply with Public
Law 102- 154 which directs the Departnent of Energy to prepare a
full and conprehensive report to Congress on each project

sel ected for award under the CCT-V Program

On Novenber 13, 1991, Public Law 102-154, the Departnent of the
Interior and Rel ated Agencies Appropriations Act, 1992 (Act), was
signed into law. This Act, anong other things, provided funds to
DCE to conduct cost-shared A ean Coal Technol ogy Projects for
design, construction, and operation of facilities that "...shall
advance significantly the efficiency and environnent al
performance of coal -using technol ogi es and be applicable to
either new or existing facilities..." This Act directed DCE to
issue the fifth solicitation of the CCT Programno | ater than
July 6, 1992, and specified that selection of Projects for

negoti ations shall take place "...not later that ten nonths after
the issuance date for the fifth general request for proposals.”

The Act, together with Public Law 101-512, nade available a total
of $600 mllion for the fifth general request for Proposals under
the dean Coal Technol ogy Program O these funds, $7.2 nillion
were required to be reprogrammed for the Small Business and

| nnovati ve Research Programand $25.0 mllion were designated for
the Program D rection funds for costs incurred by DCE for

i npl enentation of the CCT-V Program Al of the renaining
appropriated funds, $567.8 nillion, were available for award
under the CCT-V PON

2.2 EVALUATI ON AND SELECTI ON PROCESS

DCE issued a draft PON for public comment on April 20, 1992,
receiving a total of 42 responses fromthe public. The final PON
was issued on July 6, 1992, and took into consideration the
public comments on the draft PON  On Decenber 7, 1992, DCE
received 24 proposals in response to the CCT-V solicitation.

A Conpr ehensi ve Report on the proposals received in response to
the CCT V PON was submtted to Congress in June 1993.



2.2.1 PON (bjective

As stated in PON Section 1.2, the objective of the CCT-V
solicitation was to obtain "proposals to conduct cost-shared
Denonstration Projects that advance significantly the efficiency
and environnental performance of coal using technol ogies that are
applicable to either newor existing facilities."

2.2.2 Qualification Review

The PON established seven Qualification Criteria and provi ded
that, "In order to be considered in the Prelimnary Eval uation
Phase, a proposal nust successfully pass Qualification.” The
Qualification Oriteria were as foll ows:

(a) The proposed Denonstration Facility nmust be |ocated in
the United States.

(b) The proposed Denonstration Facility nmust be designed
for and operated with coal. These coals nust be from
mnes located in the United States.

(c) The Proposer nust agree to provide a cost share of at
| east 50 percent of total allowable Project cost, with
at |least 50 percent in each of the Budget Peri ods.

(d) The Proposer nust have access to, and use of, the
proposed site of the Denonstration Facility and any
proposed alternate site for the duration of the
Denonstration Project.

(e) The proposed Project Teamnust be identified and firmy
commtted to fulfilling its proposed role in the
Proj ect.

(f) The Proposer agrees that, if selected, it will submt a
"Repaynent Agreenent" consistent with Section 7.7.

(g) The Proposal nust be signed by a responsible official
of the proposing organi zati on authorized to
contractual ly bind the organization to the perfornance
of the Cooperative Agreenment in its entirety.

2.2.3 Prelimnary Eval uation

The PON provided that a Preli mnary Eval uati on woul d be perforned
on all proposals that successfully passed the Qualification
Review. In order to be considered in the Conprehensive
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Eval uati on phase, a proposal nust be consistent with the stated
obj ectives of the PON, and nust contain sufficient finance,
managenent, technical, cost, and other infornmation to permt the
Conpr ehensi ve Eval uation described in the solicitation to be

per f or med.

2.2.4 Conprehensive Eval uation

The Technical Evaluation riteria were divided into two maj or
categories: (1) the Denonstration Project Factors were used to
assess the technical and environnmental nerit of the project and
t he techni cal and managenent approaches to execute the project,
and (2) the Comrercialization Factors were used to assess the
potential of the proposed technology to significantly inprove
envi ronnment al perfornmance and efficiency in new or existing
facilities and to achi eve wi de comerci al accept ance.

The Cost and Fi nance Evaluation criteria were used to determ ne
t he busi ness performance potential and commtnent of the
pr oposer.

The PON provided that the Cost Estinmate would be eval uated to
determ ne the reasonabl eness of the proposed cost. Proposers
were advi sed that the Cost and Finance Evaluation Oiteria were
of least inportance to the selection, and that successful
proposers woul d be required to submt a nore detail ed cost
estimate after selection and before award. Proposers were
cautioned that if the total project cost estimate after selection
was greater than the anmount specified in the proposal, DCE woul d
be under no obligation to increase the anmount of funding above
that whi ch was requested in the proposal.

2.2.5 ProgramPolicy Factors

The PON advi sed proposers that the follow ng Program Policy
Factors woul d be considered by the Source Selection Oficial to
sel ect a range of projects that woul d best serve program

obj ecti ves:

(a) The desirability of selecting projects that
collectively represent a diversity of methods,
t echni cal approaches, and applications.

(b) The desirability of selecting projects that
collectively utilize a broad range of U S. coals and
are in locations which represent a diversity of EHSS
regul atory, and clinmatic conditions.



The word "coll ectively"” as used in the foregoi ng program policy
factors, was defined to include projects selected in this
solicitation and prior clean coal solicitations, as well as other
ongoi ng denonstrations in the United States.

2.2.6 Qher Considerations

The PON provided that in naking sel ections, DCE woul d consi der
giving preference to projects located in states for which the
rat e- maki ng bodi es of those states treat the d ean Coal
Technol ogi es the same as pollution control projects or

technol ogies. This consideration could be used as a tie breaker
if, after application of the evaluation criteria and the program
policy factors, two projects receive identical evaluation scores
and remain essentially equal in value. This consideration would
not be applied if, in doing so, the regional geographic
distribution of the projects selected would be altered
significantly.

2.2.7 National Environnental Policy Act (NEPA) Conpliance

As part of the evaluation and sel ection process, the dean Coal
Technol ogy Program devel oped a procedure for conpliance with the
National Environnental Policy Act of 1969 (NEPA), the Council on
Environnental Quality NEPA regul ations (40 CFR Parts 1500- 1508),
and the DCE regul ations for conpliance with NEPA (10 CFR 1021).
DCE s final NEPA regul ations were published in the Feder a
Regi ster on April 24, 1992 (57 FR 15122). The DCE procedure for
NEPA conpl i ance included the publication and consideration of a
publicly avail able Final Programmati c Environnental | npact
Statenment (DCOE El S-0146) i ssued Novenber 1989, and the
preparation of confidential pre-selection project-specific
environnental reviews for internal DCE use. DCE al so prepares
publicly avail able site-specific docunents for each sel ected
denonstration project as appropriate under NEPA. The schedul e
for the CPICOR ™ Project allow 18 nonths for Budget Period 1
shoul d an Environnmental |npact Statenent be required.

2.2.8 Selection

After considering the evaluation criteria, the programpolicy
factors, and the NEPA procedure as stated in the PON, the Source
Selection Oficial selected five projects as best furthering the
obj ectives of the CCT-V PON These sel ecti ons were announced on
May 4, 1993, during a press conference.

The project was originally proposed by Centerior Energy
Corporation with teamnenbers of LTV Steel Conpany, Deutsche
Voest - Al pi ne I ndustrieanl agenbau (DVAI), Air Products and
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Chemcals, Inc., and Hectric Power Research Institute (EPR).
During negotiations, LTV Steel Conpany, the host for the project
site in develand, Chio, withdrew fromthe project. This
resulted in the project being relocated to Vineyard, Wah, wth
Geneva Steel replacing LTV Steel Conpany as the team nmenber for
hosting the project site. During negotiations, the Source
Selection Oficial determned that this change to the project
woul d not have affected the original selection.

3.0 TECHNI CAL FEATURES
3.1 PRQIECT DESCR PTI ON

The CPICCR ™ Project will denonstrate an integrated new

t echnol ogy that produces both hot netal for use in steel naking
and clean electric power for utility distribution. The plant
wll be |located at Geneva Steel's Vineyard, Wah plant. The
backbone(gf the CPICCR ™ project is the innovative process known
as OCOREX ™~ (Coal /e Reduction), in which nolten iron is produced
by continuous reduction and snelting of iron ore in two
integrated unit operations -- a shaft furnace and a nelter-
pyrolyzer. A nomnal 3300 tpd of hot nmetal will be produced,
whil e the cl ean, nedi um BTU (220-225 BTU SCF) export gas
generated in the process will be used to fuel a conbined cycle
power generation facility(groducing 195 Me of net export power.
In addition to the COREX unit, which will produce hot netal and
t he nmedi um BTU export gas, the plant will include a gas cleaning
section to renove particulate fromthe export gas; a conbustion
turbine; an air separation unit to provide oxygen to the nelter
pyrol yzer; a heat recovery steamgenerator; a steamturbine
generator set; and all necessary auxiliary systens.

The CPICCR ™ technology is | ess conpl ex and environnental |y
superior to conpeting iron-nakin% and power generation

technol ogy. Because the COREX process repl aces the conventiona
coke oven plant and bl ast furnace normally used in virgin hot

nmetal production with a single integrated operation, the

hazardous air em ssions associ ated wi th coke ovens are avoi ded.
The reduci ng atnmosphere in the nelter mnimzes the formati on of
NO, conpounds. Desulfurization is an inherent part of the COREX
process. As the reducing gas rises fromthe nelter into the
reduction shaft furnace, nost of the sulfur is bound by the

cal cined |inestone/dolomte additives descendi ng through the

shaft furnace. A conceptual flow diagramof the CPl CCR ™ pl ant
is presented in Figure 2.

®
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Figure 2. Conceptual Flow D agram

Particul ate renoval is acconpl&shed with a wet scrubbing system
Air emssions fromthe COREX t echnol ogy, conpared to
conventional iron-nmaking technol ogy, are shown in Table 1
(source: DVAl).

Table 1. Air Emssions from COREX ® and Conventi onal |ron-naki ng
Process (pounds per ton of hot netal)

A r Em ssions Convent i onal ocreX® Process
sul fur di oxide 6.6 0.5

ni trogen oxi des 2.4 0. 046

particul ates 4.2 0. 036

The energy efficiency of the CPTCOR ™ plant is over 35%greater
t han conpeting comerci al technol ogy when consideration is given
to the production of both hot netal and electric power. The



thermal efficiency of the COREX ® process i s 9% hi gher than the
conventional coke ov%p/blast furnace route. The higher

efficiency of COREX “is primarily attributable to its single self
cont ai ned process, which effectively retains and uses the heat

generated. In the conventional two-staged coke plant/Dbl ast
furnace route, the heat contained in the hot coke is lost in
guenching. In addition, conbined cycle power generation achieves

energy efficiencies of greater than 40% conpared to a maxi mum of
34%w th conventional, state-of-the-art, coal-based power systens
with flue gas sul fur dioxide (SO ,) scrubbing --- a 17%

i npr ovenent.

In addition to the environnental and efficiency advant ages
descri bed above, CPICOR s iron-naki ng technol ogy has the

advant age of being able to operate on a nmuch broader spectrum of
avail abl e coal s than conventional iron-nmaking technol ogy,

i ncl udi ng non-coki ng coal s.

Project activities include engineering and design, permtting,
procurenent, construction, start up, and denonstration. At |east
85% of pre-operation costs will be expended for materials and
servi ces manufactured or provided donestically. During the 29-
nont h denonstration phase, the CPPICOR ™ plant will be operated on
several types of coal, thus enhancing future viability of the
technol ogy. Most inportantly, this denonstration would, for the
first time, acconplish the successful integration of an advanced
i ron-nmaking process with efficient generation of electricity in
an adj acent conbi ned cycl e power plant. Hence, the CPI CCR ™
project is expected to foster the conmercialization of

i ron-maki ng and power generation technol ogi es which are both

cl eaner and nore efficient than conventional technol ogi es.

3.1.1 Project Sumary

Title: A ean Power fromlintegrated Coal /Oe
Reduction -- CPICOR ™

Pr oposer : CPI COR™ Managenent Conpany, L.L.C

Locat i on: Geneva Steel Conpany's steel mll in

Vi neyard, Wah County, Wah

Technol ogi es: OOREXC)iron-naking process, cryogenic
air separation unit, conbined cycle
power generation system

Appl i cati ons: nmet al | urgi cal and power generation

Type of Coal Used: Vst ern bitum nous coa
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Product s: Ml ten iron and el ectric power

Project Size: 3,300 tpd of hot netal plus 195- M
(net) electricity generation using
inputs of 3,400 tpd of coal and 5, 800
tpd of iron ore and additives

Project Start Date: Sept enber 1996

Project End Date: January 2003

3.1.2 Project Sponsorship and Cost

Proj ect Sponsor: CPI CCR™ Managenent Conpany, L.L.C

Proj ect Co- Funders: CGeneva Steel Conpany, Ar Products and
Chem cal s, Centerior Energy Corporation,
and U S. Departnent of Energy

Esti mated Project Cost: $1, 065, 805, 000
Cost Distribution: Partici pant Share $916, 335, 758
DCE Share $149, 469, 242

3.2 CPICCR ™ PROCESS

3.2.1 Overview of Process Devel oprent

The CPICCR™ Project integrates conbined cycle power generation
with the COREX ® process of coal pyrolysis and hot netal
production--a nethod that avoi ds the production and use of
conventional coke and netal lurgical coal and their associated
envi ronnental and economc inpacts. The Project will use data
fromthe successful denonstration of COREX ©® plants operated in
South Africa and South Korea. These plants will provide a guide
to address nodest technical issues. The South African plant,
|ocated in Pretoria, has operated successfully since 1989,
produci ng 1000 netric tpd of hot nmetal. The 2000 netric tpd
South Korean plant, |ocated in Pohang, started operation in 1995.
In addition a pilot plant, located in Gernmany, provided 6000
hours of operating experience between 1981 and 1987. Techni cal
risk for the CPICCR ™ Project is considered | ow as the issues are
ones of integration and interconnection. The Project wll

basi cally denonstrate an integrated new technol ogy that produces
both hot nmetal for use in steel nmaking and cl ean el ectric power
for utility distribution. ®The Project will integrate a 3000
metric ton per day COREX plant with commrercial air separation

10



and conbi ned cycl e technol ogies for the production of liquid iron
nmetal and 195 MA¢ el ectricity.

The DCE, through the dean Coal Technol ogy program supports the
devel opnent of advanced power generation technol ogies that are

cl eaner and nore efficient than conventional technol ogi es.

Conbi ned cycl e power generation, with its inherent efficiency
advant age, has been successfully integrated w th nunerous fuel
processi ng technol ogies. The DCE continues to support
denonstration projects that advance the econom c and
environnmental perfornmance, as well as the reliability, of

conbi ned cycle systens. The CPICCR ™ Project will contribute
significantly to this effort. 1In addition the Project represents
an opportunity to foster the comrercialization of an iron-naking
process that is environnental |y superior to conventional coke
oven/ bl ast furnace integrated steel -nmaking technol ogies. It
woul d al so enhance the conpetitiveness of the U S steel industry
which is subject to increasingly stringent environmnental

regul ations. DCE also notes that it has received nore than 30
letters of support fromthe iron, steel, coal and engi neering
segnents of the industry for this project; this indicates A
strong |ikelihood of commercial acceptance of the COREX

t echnol ogy once a successful denonstration is conplete.

3.2.2 Process Description

The three ngjor conponqus of the CPICOR ™ denonstrati on project
(Fig. 2) are the OCREX C)unit, the ASU, and the conbi ned cycle
power plant. The COREX unit consists of a nelter-pyrolyzer and
a reduction shaft furnace. The iron ore, along with required
additives, is introduced into the top of the reduction shaft and
flows by gravity toward the bottom fromwhich it is noved to the
top of the nelter-pyrolyzer by screw conveyors. GCoal is
introduced directly by screw conveyors into the top of the nelter
and oxygen fromthe ASU is introduced through nozzles, called
tuyeres, around the circunference of the nelter. Upon entering
the top of the nelter, the coal is dried and devol atilized at

t enper at ures exceedi ng 1900pF before being partially conbusted in
the lower part of the nelter, where the tenperature reaches
3000pF. These reactions produce a reduci ng offgas with an energy
content of 220-225 BTU SCF. After passing through a dust
separation cyclone, a portion of this product gas enters the
bottom of the reduction shaft. Fromthere, the gas ascends the
reduction shaft, flow ng counter-current to the descending iron
ore and |linmestone/dolomte additives.

In the reduction shaft, operating at 1550pF, the iron ore is
partially reduced to netallic iron, while the sulfur contained in

11



the gas is retained by the highly reactive |inmestone/dolomte
addi ti ves.

The direct-reduced iron (DR) and additives are further reduced
inthe nelter to formliquid hot nmetal and slag, which are
collected at the bottomof the nelter unit. The separation of
hot netal fromslag is effected by the difference in densities as
practiced in a conventional blast furnace. The liquid iron wll
be utilized directly by Geneva' s adjacent steel works, and the
slag has potential for sale into an existing nmarket for purposes
such as basic building nmaterial for roads.

Along with the bal ance of the product gas fromthe nelter, the
desul furized gas exiting the reduction shaft is sent to a
scrubber section to renove particulates. It is then converted to
a very clean, pressurized export gas suitable for use in a
conbustion turbine (CT). The gas is expanded in the CT which
drives an electric generator, producing 149 Me of electric
power. A portion of the nitrogen produced by the cryogenic
separation process nmay be directed to the CT and injected into

t he conbustor section in order to increase the gas turbine shaft
power out put .

The CT exhaust gas flows through a heat recovery steam generator
(HRSG where its waste heat is used to generate steam the steam
generated in the HRSGis then expanded in a steamturbine to
produce an additional 122 MM of electric power. Energy sinks,
including the ASU (36 MM), export gas conpression and COREX ®
Unit requirenents (31 M), and plant auxiliaries (9 MA¢), reduce
the net power output to about 195 MAe.

3.3 GENERAL FEATURES OF PRQIECT

3.3.1 Evaluation of Devel opnental R sk

After selection of this project, DCE perfornmed a detail ed

eval uation of the CPPICOR ™ Project and determned it to be
reasonabl e and appropriate. The eval uation focused on the
project's technical, schedule, and cost risks. A team of
experts, both within DCE and avail abl e under contract,
contributed to the evaluation. The data base for the eval uation
i ncl uded Parti ci pant-furni shed docunentation and fact-finding

di scussions with the Partici pant.

The primary technical risk ass%ciated with this project lies in

the integration of the COREX Process with an ASU and a conbi ned
cycl e power generation system The CPICCR ™ Project will enploy
a 3,300 tpd (3,000 netric tpd) unit whose internal dinensions are
not significantly different fromthose of the unit in South

12



Korea. The only difference is a slightly increased feed rate
into asimlar sized plant. CPICOR ™ s schedul e i s such that
much experience will be gained fromthe South Korean unit; hence,
the technical risks irughe present Project are considered
mninmal. Gher COREX ~ equiprent, such as the screwfeeders,
scrubbers, and cycl ones, are proven designs in use at various
plants, and present lowrisk. They will be used in nultiples as
required. The remaining conponents of the CPICCR ™ Proj ect,
i.e., the ASU the conbi ned cycle power plant, and the power grid
interface, are based on well-established technol ogi es and thus
present a very low |level of technical risk. An adequate

t echni cal database exists to ensure success of the denonstration.
The integration and interconnection of the three najor systens
for efficient and safe operation wll be the key focus of the
Proj ect.

The 76-nonth schedul e, presented in Section 6.2, allows
sufficient tinme for the design, construction and operation of the
denonstration project. The nmost critical itens affecting the
schedul e are National Environnental Policy Act (NEPA)

requi renents, permtting, and construction delays. The project
schedul e all ows 18 nonths for conpletion of NEPA and a Record of
Deci sion, should an EI'S be needed. The Project Team has provi ded
anple time in the schedul e to resol ve any environnental concerns
and wi Il obtain delivery guarantees for critical equipnent itens,
thus mtigating any potential schedule problens. The schedul e
allows 23 nonths to conpl ete engineering, permtting, and a
definitive estimate. Phase Il (detail ed design, procurenent,
construction and start-up) begins 5 nonths before the conpletion
of Phase | to allow for early vendor engineering of |ong-Iead
tinme equi pnent, such as the gas turbine. Finally, the planned
29-nonth denonstration period will allow for denonstration of the
process performance, systemavailability, and reliability.

The cost estinmates for the ASU, conbi ned cycl e power generation,
and power grid portions of the project are well-founded in the
experi ence dat abase of th Proj ect Team nenbers. The cost
estimates for tgg CCOREX systemare not as firmy based because
no prior COREX systeang t he proposed capacity has been
constructed. The COREX estimates, of necessity, are |ess
accurate than those for the other portions of the project. The
estimating nethod used, however, is reasonable. The estinated
anmounts present a low to noderate risk of cost overrun

DCE recogni zes that denonstrating the commerci al readi ness of new
technol ogi es inherently carries a certain anmount of risk.

Careful assessnent of the risks associated with this project,
coupled with the potential benefits of the technol ogy, |ead DCE
to conclude that those risks are acceptabl e and worth taking.
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3.3.1.1 Simlarity of Project to G her Denonstrati on and
Commercial Efforts

The OOQEKC)iron-naking process is being comercially denonstrated
at 1000 netric tpd at ISCOR s Pretoria Wrks in South Africa and
at 2000 netric tpd in Pohang, South Korea. The primary advances
incorQ9rated inthe CPTOCOR ™ Project are the integration of the
CCOREX ™ process with commercial air separation and conbi ned cycle
power generation technol ogi es.

The CPICCR™ project represents the first attenpt to integrate
conbi ned cycl e power generation with the COREX i ron-maki ng
process. Conbi ned cycl e power generation has al ready been
successfully integrated with coal derived gases; the DCE, through
the A ean Coal Technol ogy Program continues to support
denonstration projects which advance the state-of-the-art in the
envi ronnental and econom c perfornmance, as well as the
reliability, of conbined cycle technologies. This project

provi des an opportunity to denonstrate advances in an
environnmental |y superior iron-making technology and to
denonstrate a novel integration of valuabl e excess export gases
for clean power generation.

3.3.1.2 Technical Feasibility

As discussed in Section 3.3.1, DCE recognizes that technica
uncertainties exist in the proposed project. However, overall,
the project is technically sound and reasonabl e.

The OOQEKC)process has been shown to be technically sound through
on-goi ng comercial plants. The prinmary uncertainties relate to
the effect of the somewhat higher feed rate on the relative sizes
of the "fixed" and "fluidized" zone%)of the nelter. Mich of the
auxiliary equi pnent for the COREX reactor is simlar in design
to that currently in use. The ASU and the conponents naki ng up

t he conbi ned cycl e power plant are comrercially avail abl e

t echnol ogi es.

3.3.1.3 Resource Availability

The project will be |located at Geneva Steel's site in Vineyard
Wah. Al essential infrastructure services are avail abl e,
including water, natural gas, rail and hi ghway access, electric
service, and sanitary waste disposal. Resources for lifetine
operation of the project (including manpower, |and, coal and

i mestone) are available in the region.

The partners of the CPlCOR ™ Managenent Conpany, through their
parent conpani es, have arranged to provide the Participant's
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share of the project financing for the first Budget Period as
presented in Section 6.1. The Participant will reach financial
closure for his share of remaining project costs by the end of
the first Budget Period.

3.3.2 Relationship Between Project Size and Projected Scal e of

Commercial Facility

The project woul d denonstrate a commerci al -si ze unit produci ng
3,300 tpd (3000 netric tpd) of hot netal aqg 195 MM net electric
power. No further scal e-up of the COREX unit is required for
t he denonstrated technol ogy to becone commercially attractive.

Al technical, economc, and environnental data fromthe project
wll be directly applicable to comrercial projects. The size is
based on existing donestic blast furnaces, since these repr8§ent
the potential market for CPICOR ™ technol ogy. The COREX uni t
operated by 1 SCOR (1000 tpd) is large enough to replace 1 of the
60 bl ast furnaces currently operating in the U S ; the unit in
Pohang, South Korea (2000 tpd) is |arge enough to repl ace about
15% of exi sting donestic bl ast furnac%§. CPICCR ™ size is key
to rapid commercialization of COREX , Since it would be |arge
enough to repl ace 65% of existing blast furnaces.

3.3.3 Role of Project in Achieving Commercial Feasibility of
Technol ogy

The CPI CCR ™ denonstration project would provide the design,
const%yction and operating data crucial to commercializing the
OQOREX ™ and CPI CCR ™ technol ogy. This technol ogy has inherent
advan%§ges over conventional blast furnace technol ogy. The
CCOREX ™ unit, by performng the functions of both a coke oven and
a blast furnace, nmakes nore effective use of sensible heat while
achi evi ng reduced pol | utant em ssions (especially hazardous air
pol lutants). Wen integrated with a conbi ned cycl e power plant,
the result is a cleaner and nore efficient process that provides
nolten iron for steel production and electricity for utility

di stribution.

The project is expected to begin operation in 2000. Verification
of the coormercial feasibility of the technol ogy woul d be
acconplished with a 29-nonth test program after which the
project will continue to operate as part of CGeneva Steel's
commercial plant. As previously stated, the technology offers
several advantages which contribute to its narketability:

b By conbi ning hot netal production with electricity
generation, the integrated CPICCR ™ Technol ogy nmakes nore
effective use of the avail able energy in coal and, hence,

15



achi eves higher efficiencies than possible wth conventi onal
bl ast furnace technology; i.e., the utilization of total
energy in the coal is nmaxi mzed.

b The integrated CPICCR ™ Technol ogy has the capability of
using a wide variety of coals, including non-coking coals.

b The integrated CPIGQCR ™ Technol ogy provi des superi or
envi ronnment al perfornmance which will satisfy current and
future regul ati ons.

b The integrated CPICOR ™ Technol ogy' s target narket for
commercialization is the aging donestic integrated coke
ovens/ bl ast furnace popul ation; hence narket penetration is
likely to be high if the Participant's economc, efficiency,
reliability and environnmental perfornance targets are net.

b The integrated CPIQCR ™ Technol ogy al so targets the narket
for virgin iron needed by the steel industry's non-
integrated mni-mlls that use electric arc furnace
t echnol ogy.

4.0 ENVI RONMENTAL CONSI DERATI ONS

The overall procedure for conpliance with NEPA, cited in Section
2.2.7, contains three major elenments: a Programmatic
Environnental |npact Statenment (PEIS); a pre-selection,

proj ect-specific environnmental analysis; and a post-sel ection,
site-specific environnental analysis. To satisfy the first

el enent, DCE issued the final PEIS to the public in Novenber 1989
(DCE/EI'S-0146). In the PEIS, results derived fromthe Regi onal
Em ssi ons Dat abase and Eval uati on System (REDES) were used to
estimate the environmental inpacts that mght occur by the year
2010 if each technology were to reach full commercialization and
capture 100 percent of its applicable market. The environnent al

i npacts were conpared to the no-action alternative, which assunmed
conti nued use of conventional coal technol ogies through 2010,
with new plants using conventional flue gas desul furization to
meet New Source Performance Standards (NSPS).

The second el ement of DCE s NEPA procedure for the OCT Program

i nvol ved preparation of a pre-selection environnental review
based on project-specific environnental data and anal yses t hat
offerors supplied as part of their proposals. The review
sumari zed the strengths and weaknesses of each proposal agai nst
the environmental evaluation criteria. It included, to the
extent possible, a discussion of alternative sites and processes
reasonably available to the offeror, practical mtigating
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nmeasures such as the options for controlling discharges and for
managenent of solid and |iquid wastes, inpacts of each proposed
denonstration on the local environnent, and a list of required
permts. Finally, the risks and inpacts of each proposed project
were assessed. This analysis was provided for the Source

Selection Oficial's use before the sel ection of proposals.

When conpared to conventional iron-making technol ogy, the COREX ®
process is nore environnental ly benign, elimnating the air,
water, and solid waste di scharges associ ated w th coke naki ng.
This significantly reduces the emssions, effluents and mastqg

per unit of iron produced. The gas produced by the COREX unit
contai ns no measurabl e sul fur dioxide or nitrogen oxides. Sfour
will be renmoved by the |inestone flux added to the COREX unit

and exit wth the slag. The inert, nonl eachabl e, nonhazardous
slag is readily sal able as construction aggregate material and
rock wool. Particulates are renmoved fromthe product gas with
conventional cyclones and wet scrubbers.

As the final elenent of the NEPA procedure, the Participant wl |
submt to the DCE the environnmental infornmation specified in
Appendi x J of the PON This detailed site-specific and
project-specific information will be used as the basis for the
site-specific NEPA docunents to be prepared by DCE. These
docunents, which will be in full conpliance with NEPA CEQ and
the DCE regul ati ons for NEPA conpliance, nmust be conpl eted and
approved before federal funds are provided for any activity that
would Iimt the choice of reasonable alternatives to the proposed
action or have an adverse environnmental inpact.

In addition to the NEPA requirenents outlined above, the

Partici pant nust prepare and submt an Environnmental Monitoring
Plan (EMP) for the project, follow ng the guidelines provided in
Appendi x N of the PON The purpose of the EMP is to ensure that
sufficient technol ogy, project, and site environmental data are
collected to provide health, safety, and environnental
information for use in subsequent commercial applications of the
t echnol ogy.

The Participant will be required to describe, in an Environnental
| nff ormati on Vol une, inpacts to the environnment which include
overall reductions in sulfur dioxide, nitrogen oxides and carbon
nonoxi de em ssions fromthose that woul d occur assumng the
application of NSPS. The Participant will also prepare an

Envi ronnental | ncident Likelihood Assessnent during budget period
1 which exam nes the overall risks of an environmental incident
and their ability to mtigate and/or correct the sane with ful

i ndemmi fication of the Governnent.
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5.0 PRAIECT MANAGEMENT
5.1 OVERVI EW OF NANAGEMENT CRGAN ZATI ON

The CPICCR ™ Denonstration Project organi zation is shown in
Figure 3. The nmenbers in the CPICOR ™ Managenent Conpany, L.L.C
are subsidiaries of Centerior Energy Corporation, Ar Products
and Chemcals, Inc. (APA) and the CGeneva Steel Conpany. The

CPI COR™ Managenent Conpany will be responsi ble for executing all
aspects of the Cooperative and Repaynent Agreenments. A ong with
nenbers of the CPl COR ™ Managenent Conpany (CMC), the project

t eam i ncl udes Deut sche Voest - A pi ne | ndustrieanl agenbau QrbH
(DVAl). DVAI, and its parent, Voest-Al pine Industrieanl agenbau
GbH (VAl), jointly own the rights to the COREX ©® process. VA
has guarant eed the performance and obligati ons of DVAI under the
Cooper ati ve Agreenent and Repaynent Agreenent. DVAI will provide
the design for the COREX ® portion of the project and sone of the
equipnent. In addition, DVAl will be prinarily responsible for
commerci alization of the COREX ® technology in the United States
and provi ding repaynent through COVC

Geneva Steel Conpany will establish a wholly-owned subsidiary,
Vineyard Iron Conpany, to participate in the CPPCOR ™ Cooperati ve
Agreenent. Vineyard Iron Conpany will be responsible for the
design and construction of the COREX ©® facility and will enter

into a licensing agreenent with DVAI for the COREX  ©® technol ogy.
The Vineyard Iron Conpany will also be responsible for operation

of the CCREX ® facility and will sell hot nmetal to the Geneva

Steel Conpany. (eneva Steel Conpany through Vineyard Iron

Conpany wi Il provide the project site and its partnership share

of project funding for the first budget period.

Alr Product and Chemcals, Inc. (APA) will establish a
subsidiary, the ah dean Coal Managenent Conpany (UCCMD), who
will be a partner of the CPICOR ™ Managenent Conpany. APC
through UCCMC wi Il provide its partnership share of project
funding for the first budget period. In addition, APA wll
nmarket the CPICCOR ™ technology in the U S and participate in

r epaynent .
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Figure 3. CPICOR Project Team Structure

Centerior Energy Corporation established an unregul at ed
subsidiary, Centerior Power Enterprises, Inc., to participate in
the CPICCR™ Project. GCenterior Power Enterprises, Inc. and
APCl"s subsidiary, UCCMC, will establish the Vineyard Generation
Conpany. Under contract with the CPICOR ™ Managenent Conpany,
the Vineyard Generation Conpany w |l be responsible for the

desi gn, construction and operation of the conbined cycle power
generation facility, including purchasing export gas fromthe
OCREX® facility and negotiating a power sal es agreenent.
Centerior Energy Corporation through Centerior Power Enterprises,
Inc. will provide its partnership share of project funding.

UCCMC and Centerior Power Enterprises wll also establish the

Vi neyard ASU Conpany. The Vineyard ASU Conpany w |l sell oxygen
and nitrogen to the Vineyard Iron Conpany. Vineyard ASU Conpany
may al so sell excess nitrogen to the Vineyard Generation Conpany
for additional mass flow and subsequent power production.
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5.2 | DENTI FI CATI ON OF RESPECTI VE RCLES AND RESPONSI BI LI TI ES
5.2.1 DCE

DCE will be responsible for nonitoring all aspects of the project
and for granting or denying approvals required by the Cooperative
Agreenent. A DCE Project Manager will be designated by the DCE
Contracting Oficer to act as a Contracting Oficer's
Representative. The Project Manager will be the prinary point of
contact for the project and will be responsible for DCE
managenent of the project.

5.2.2 Partici pant

The CPICOR™ Managenent Conpany, as the Participant, wll be
responsi ble for all aspects of the project, including design,
permtting, construction, operation, data collection and
reporting. The Participant will designate a full tine Project
Drector, who will be responsible for all technical and
admnistrative activities to be performed under the Cooperative
Agreement. This Project Director will be the primary point of
contact for DCE interaction.

5.3 PRAQIECT | MPLEMENTATI ON AND CONTROL PROCEDURES

The Participant will prepare and naintain a Project Managenent
Plan that presents project procedures, controls, schedul es,
budgets, and other activities required to adequately manage the
project. This docunent, which will be finalized shortly after
execution of the Cooperative Agreenent, will be used to inpl ement
and control project activities. Throughout the course of the
project, reports dealing with the technical, nmanagenent, cost,
and environnental nonitoring aspects of the project wll be
prepared and delivered to DCE

5.4 KEY AGREEMENTS | MPACTI NG DATA R GHTS, PATENT WAI VERS, AND
| NFORVATI ON REPCRTI NG

Wth respect to data rights, DCE has negotiated terns and
conditions that will generally provide for rights of access by
DCE to all data generated or used in the course of or under the
Cooperative Agreenment by the CPICOR ™ Managenent Conpany and its
subcontractors. DCE will have unlimted rights to specified
categories of data first produced in the perfornmance of the

Cooper ative Agreenent, rights to use and eval uate "protected"
data and limted rights of access to proprietary data utilized in
t he course of the denonstrati on.
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Wth regard to patents, data and other intellectual property, the
Partici pant has nade a contractual commtnent to exercise its
best efforts to comrercialize the technol ogy denonstrated in this
project. To effect commercialization, the Participant has al so
made a contractual coonmtnent to flow down their
commercialization obligation in all contracts with suppliers of
the technol ogy to be denonstrated under this Cooperative

Agr eenent .

The Participant is expected to request for itself and on behal f
of its subcontractors who will participate in the denonstration
program a waiver of patent rights in any subject invention,
i.e., any invention or discovery by any of themwhich is
conceived or first actually reduced to practice in the course of
or under the Cooperative Agreenent. Favorable action is
anticipated to be given to the Participant's Patent \aiver
request considering the | evel of cost sharing, the conmtnent by
its principal subcontractors to commercialization of the iron-
maki ng and power generating technol ogi es, and agreenent by the
Participant to repay up to the Governnent's contribution in
accordance with the DCE guidelines. Any grant of a patent waiver
will reserve to the Governnent a nonexcl usive, nontransferable,
and irrevocable paid-up license to practice or to have practiced
any wai ved subj ect invention for or on behalf of the United
States.

5.5 PROCEDURES FCR COMMERC ALI ZATI ON OF TECHNOLOGY

The Participant's comrercialization plan focuses on CPl CCR
Managenment Conpany and DVAI | eading the comrercialization of the
CPIOOQ"Atechnoloqy inthe US Additionally, DVAl will actively
market the COREX ~ Process in the US wth or without integration
w th power generation.

The CPI‘.%{M Project is a vital step towards commerci al i zati on of
the COREX ™ technol ogy and the integration of that technol ogy with
conbi ned cycl e power generation. It is essential that a
denonstration of the technol ogy be conducted to establish | ong
termreliability, availability, naintainability and environnental
performance at a scale sufficient to illustrate comercia
potential. Follow ng the denonstration period, Geneva Steel wll
continue to operate the CPTOCOR ™ plant as part of its commercia
facilities. DCE s review of their plans and agreenents concl uded
that the commercialization provisions provide a |logical route for
the introducti on of COREX © technol ogy kyto the U S and that all
replications of the CPTCOR ™ and COREX ~ technologies in the US.,
of conparable size or larger than the denonstration unit, wll be
captured by the Repaynment Agreenent.
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In the US. there are currently about 60 blast furnaces, all of
whi ch have been operating for nore than 10 years (w th sone
originally installed up to 90 years ago). These agi ng bl ast
furnaces, as well as the coke ovens that fuel them are subject

to increasingly stringent environnental regulations. The COREX ®
t echnol ogy represents an environnental | y superior alternative for

hot netal production that woul d repl ace the coke oven and the ®

bl ast furnace with one conti nuous process. Wen the COREX unit

is joined with a conbi ned cycle power generation plant, the
result is a process that is nore efficient, as well as cleaner,
t han conventional technol ogy.

The commercialization of the CPICOR ™ technology will contribute
greatly to the growi ng donestic and international coal narket by
usi ng cleaner, nore efficient technol ogies, while reducing the

U S. dependence on foreign oil, coke, and rawiron. Replicating
the CPICCR ™ technology will also provide a significant nunber of
additional jobs for U'S workers. Besides jobs and the
preservation of U S engineering, design and manufacturing
capabilities, the US wll benefit by receiving increased taxes
from enpl oyed workers and an enhanced trade position from

equi pnent, steel and services export.

6.0 PRQIECT COST AND EVENT SCHEDULI NG
6.1 PRQIECT BASELI NE COSTS

The estimated cost and the cost sharing for the work to be
performed under the Cooperative Agreenent are as shown bel ow.

Pre- awar d Cost

DCE Share $ 506, 000 14. 0%
Partici pant Share $ 3,110,000 86. 0%
$ 3,616, 000 100. 0%
Phase |
DCE Share $ 37,560, 000 50. 0%
Partici pant Share $ 37,560, 000 50. 0%
$ 75, 120, 000 100. 0%
Phase ||
DCE Share $ 106, 434, 000 20. 2%
Partici pant Share $ 420, 551, 000 79. 8%
$ 526, 985, 000 100. 0%
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Phase |11

DCE Share $ 4,969,242 1.1%
Partici pant Share $ 455, 114, 758 98. 9%
$ 460, 084, 000 100. 0%

Total Estinmated Project Cost

DCE Share $ 149, 469, 242 14. 0%
Partici pant Share $ 916, 335, 758 86. 0%
$1, 065, 805, 000 100. 0%

Sequential budget period costs, dependent upon scheduling of
activities in the project phases, shall be shared by DCE and the
Partici pant as shown bel ow. At the begi nning of each budget
period, DCE intends to obligate sufficient funds to pay its share
of the expenses for that period.

The Participant’s funds for the first budget period have been
commtted to the project through the parent conpani es of M neyard
| ron Conpany, Centerior Power Enterprises and UCCMC. Fi nanci al
closure for the renaining share of the Participant’s funds to
conplete the project will be provided at the end of the first
budget peri od.

Budget Period 1 *

DCE Share $ 8,838,000 43. 6%
Partici pant Share $ 11, 444,000 56. 4%
Budget Period 2

DCE Share $ 135, 662, 000 23. 2%
Partici pant Share $ 449, 777, 000 76. 8%
Budget Period 3

DCE Share $ 4,969, 242 1. 1%
Partici pant Share $ 455, 114, 758 98. 9%

" Pre-award costs are included in Budget Period 1.
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6.2 M LESTONE SCHEDULE

The project is divided into three phases and is expected to take
76 nonths to conplete. The phases and their expected durations
are as shown bel ow

Phase | (23 nont hs)
- design, permtting, and NEPA

Phase 11 (29 nont hs)
- detail ed design, procurenent, construction and start-up

Phase 111 (29 nonths)
- operation and data collection

Phases | and Il overlap by 5 nonths.
Budget periods are used to manage the financial risk of the

project and to facilitate project decision naking. A project
schedul e is shown in Figure 4.

Total Project (76 Months)
Phase Il L Phase IlI o
(29 Months) T (29 Months)
Phase | Overlap 5 Months
N 23 Months o
Years
| | | | | |
| | | | | |
4 6
(Budget Period)
_ BP1 }'|< BP 2 }14 BP 3 -
(18 Months) (29 Months) (29 Months)
A A A A
1 2 3 4
Milestone Description
1 Project starts/DOE signs/EIV submitted
2 NEPA/definitive estimate completed
3 Construction/startup complete/operation begins
4 Testing completed

Figure 4. CPICOR Project Schedul e
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Budget Period 1 (18 nonths):
- project definition, prelimnary engineering, NEPA all
internal agreenents, and full project financing

Budget Period 2 (29 nont hs):
- detailed design, construction, and start-up

Budget Period 3 (29 nont hs):
- operation and data collection

Construction is expected to be conpleted by July 2000, and the
project is expected to be conpl eted by Decenber 2002.

6.3 REPAYMENT AGREEMENT

Based on DCE s recoupnent policy as stated in Section 7.7 of the
PON, DCE is to recover an anmount up to the CGovernnment's
contribution to the project. The Participant has agreed to pay
the Governnent in accordance with the Repaynent Agreenent to be
executed at the tine of award of the Cooperative Agreenent.

Al though, the Participant, CPICOR ™ Managenent Conpany, L.L.C
(CMD), is responsible to DCE for repaynent, the repaynent
obligation will be flowed down to DVAI and Air Products. OMC

w |l continue to nanage the repaynent obligation, accounting, and
reporting.

The repaynent obligation is based on revenues received by CMC
DVAI, or Air Products during the 20 year repaynent period for the
commerci al i zation of the COREX ©® Process and/or the CPICCR ™
technology in the United States. Sources for repaynent are: (1)
5 percent of the DVAl license fee for the COREX © technol ogy (2)
1/2 percent of the price of the equi pnent sold by DVAI and
enbodied in a COREX ® facility (3) 1/2 percent of the project
managenent, engi neering and construction fees received by Ar
Products for future OCPG Plants that include the COREX ®
technol ogy and (4) suppl enental revenue based on a percentage of
the OOREX® export gas sold for power generation or other uses.
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